
Nutritional Diseases 
of Poultry 

BY HARRY W. TITUS ^ 

THIS ARTICLE discusses 16 well-defined nutritional 

diseases, a group of less-well-defined diseases, and the 

effect of nutritional deficiencies on growth and repro- 

duction. The material is especially significant because 

a good deal of rather precise work has been done in 

this field with poultry. 

A FAIRLY LARGE NUMBER of different elements and compounds are re- 
quired for the normal nutrition of poultry. If one or more of them 
are not present in the diet in adequate quantity, or if certain ones are 
present in an unsuitable ratio, there is a distui'bance of nutritiori, or of 
the functioning of the body, which may be referred to as a nutritional 
disease. Other nutritional diseases may result from harmful elements 
or compounds in the diet. 

Knowledge in the field of nutritional diseases of poultry is in a state 
of active change. That which is believed to be true today may be dis- 
proved tomorrow, or, as perhaps more often happens, may prove to be 
only part of the truth. In several instances an abnormal condition 
that was originally thought to be the result of a single nutritional 
deficiency has been found to result from a multiple deficiency. A good 
example is polyneuritis in the chicken. At one time the cause of this 
condition was believed to be a deficiency of vitamin Bj, and this 
vitamin was—and 'still is—referred to as the antineuritic vitamin and 
was given the name "aneurin." It is now known that the condition 
originally described as polyneuritis gallinarum was produced by diets 
deficient in vitamins A, E, and G and pantothenic acid as Tvell as 
in vitamin Bi. Moreover, it has been shown that a deficiency of 
vitamin Bi alone does not produce nerve degeneration in the chicken, 
although it does have other serious effects on the nerves. 

1 Harry W. Titus ie Sonior liiological Chomif^t, in Charge of Poiiliry Nutrition Investiga- 
tions, Animal Nutrition Division, Bureau of Animal Industry. 
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VITAMIN A DEFICIENCY 

If day-old chicks are placed on a diet markedlj' deficient in vitamin 
A, their rate of growth falls below normal after about 2 weeks and 
then declines rapidly. The first cliaracteristic symptoms, other than 
the decrease in rate of growth, are droopiness, a staggering gait, and a 
ruffled appearance of the feathers. These symptoms may appear as 
early as the end of the third week.   Some of the chicks die before the 

FIGURE 1.—Effects of vitamin A deficiency in an advanced stage. Note the swelling 
around the eye and the cheesy exúdate under the Hds. (Courtesy of J. R. Beach, 
Division of Veterinary Science, CaHfornia Agricultural Experiment Station, Berkeley, 

Calif.) 

end of the fourth week, and most of the others before they are 5 weeks 
old. Growth usually ceases several days before death occurs. In 
many of the chicks that survive for more than a week after the first 
characteristic symptoms appear, the eyes become inflamed and there 
is a discharge from the nostrils: in some there are a swelling around 
tlie eyes and an accunudation of sticky exúdate beneath the lids. 

With a diet partially deficient in vitamin A, the first symptoms may 
not appear until the chicks are 5 or 6 weeks old. In this case, a larger 
proportion of the chicks eventually have inflamed eyes and an accumu- 
lation of white cheesy material under the lids (fig. 1). 

In mature chickens the symptoms develop much more slowly than 
in growing chicks, but the inflammation of the eyes becomes strikingly 
more pronounced.   Öfter there are a white membranous film over the 



Nutritional Diseases of Poultry 1077 

nictitating membrane, or third eyelid, and a cheesy exúdate or dis- 
charge, in the conjunctival sacs. There may also be a sticky discharge, 
either clear or turbid, from the nostrils. 

The symptoms of vitamin A deficiency in the turkey poult are in 
general similar to those in the chick, but according to Hinshaw and 
Lloyd i^J)- the disease is much more acute in poults. These authors 
described the symptoms in poults that had received little or no vita- 
min A from the time of hatching as "those of an acute-infectio- 
contagious disease except that fever was absent." In chicks that were 
fed the same diet a^ the poults and kept in the same pen there was a 
marked nervousness, which the poults did not exhibit. 

FINDINGS AFTER DEATH ' 

An examination of chickens and turkeys that die as a result of vitamin A defi- 
ciency reveals lesions, or tissue changes, in many parts of the body, their location 

FIGURE 2.—Pustulelike lesions in the esophagus caused  by  vitauiin A deficiency. 
(Courtesy of L. D. Bushnell, Bacteriology Deparluient, Kansas Agricultural Experi- 

ment Station.) 

and severity depending to some extent on the age of the bird, the degree of the 
deficiency, and the length of time between the appearance of the first symptoms 
and death. 

In mature birds lesions resembling pustules are almost invariably found in 
the mouth, pharynx, and esophagus (fig. 2) ; in young growing birds these are 
seen much less frequently. Usually there are white or grayish-white deposits of 
urates iu the kidneys and ureters, which occur more frequently in the chick than 
in the poult. Sometimes there are deposits of urates on the surface of the heart, 
liver, and spleen. Hinsliaw and Lloyd (21) have reported that they found white, 
flaky, uratelike deposits between thickened folds of the bursa Fabricii in most 
of the poults and chicks they examined, and Heywang and Morgan (20) have 
confirmed their findings in the case of the chick. 

- Italic numbors in parontlieses ivfei- to Literature Citetl, p. 1105. 
• In this article, material on post mortem findings and also material on diseases that 

seldom or never occur in ordinary poultry produition but are of great interest (rom the 
experimental standpoint are set in smaller type. 
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In general, there is a keratinization, or hornlike hardening, of the epithelial 
cells of the olfactory, respiratory, upper alimentary, and urinary tracts. In 
severe cases, especially if the birds are mature, virtually every organ in the body 
may be affected. Also, there are degenerative changes in both the central and 
peripheral nervous systems, and these explain the staggering gait, which is one 
of the first symptoms of vitamin A deficiency in chickens» and the extreme lack 
of muscular coordination in advanced cases. 

FUNCTION OF VITAMIN A AND PKKVEINTION OF DEFICIENCIES 

Histological examinations—that is, examinations of the minute 
structure—of the tissues of chickens that have been fed a diet defi- 
cient in vitamin A indicate that one of the functions—if not the pri- 
mar}^ function—of vitamin A is the proper nourishment and repair 
of ail the epithelial structures, extremal and internal, in the body. 
In extreme vitamin A deficiency in the chicken the ui'ic acid content 
of the blood may increase to eight or nine times its normal value. 
The accumulation of uric acid in the blood and the previously men- 
tioned occurrence of deposits of uric acid in the ureters, the kidneys, 
and elsewhere are probabh^ results of failure of repair of epithelial 
structures,, especially those of the kidneys. 

Studies made with other animals have show^n that vitamin A is 
necessary for the normal functioning of the eyes. Apparently, how- 
ever, it plays no detectable role in the absorption and metabolism of 
fats, carbohydrates, and proteins. 

Vitamin À has been referred to as the anti-infective vitamin, but 
repeated attempts to show that it affects the mechanisms that give the 
body immunity against infections have failed. When the diet is defi- 
cient in vitamin A, however, the epithelium, or surface layer, of the 
mucous membranes is damaged, and as a result the entry of bacteria 
is made easier. Thus, although vitamin A is of no value in making 
an animal immune to infectious diseases, it is of value in maintaining 
the "first line of defense," the epithelial structures. 

As has been pointed out by Barger and Card (^), a partial defi- 
ciency, of vitamin A in diets for poultry is more common than is 
generally supposed. They state that it is especially likely to occur 
in regions where the summers are hot and dry and there is a resulting 
shortage of green forage. Partial vitamin A deficiency is often an 
aftermath of drought. A partial vitamin A deficiency is also possible 
when flocks are closely confined unless an adequate supply is included 
in the feed. 

The obvious method of preventing the development of vitamin-A- 
deficienc;^ disease in poultry is to supply an adequate quantity of this 
vitamin in the feed. The minimum vitamin A requirement of the 
growing chick is about 675 to 775 International units per pound of 
feed ; that of the plowing poult is about 2i/^ times as much. An ade- 
quate supply, as distinguished from the minimum, is about 1,450 Inter- 
national units per pound of feed for the chick and about 3,650 per 
pound of feed for the poult. The vitamin A in mixed feeds, however, 
is not very stable, and for this reason it is a good practice to formulate 
the diets of chicks and poults so that they will contain 3,000 and 7,500 
International units per pound of feed, respectively. The feed of 
chickens kept for egg production should contain approximately 3,150 
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International units per pound.    The feed of breeding stock—chickens 
or turkeys—should contain about 4,720 units,per pound. 

The approximate vitamin A contents of some of the richer sources 
of this vitamin used in feeding poultry are as follows: 

International 
units per 

pound 
Fortified cod-liver oil  1,360,770 
Fortified sardine oil    1,360,770 
Cod-liver oil    385,550 
Sardine  oil  52,000 
Alfalfa-leaf meal, dehydrated.    95,000 
Alfalfa-leaf  meal  32,000 
Alfalfa   meal  13,000 
Corn-gUiten   lueal  6,800 
Yellow corn   3,180 

VITAMIN B, DEFICIENCY 
The symptoms of vitamin B. deficiency are similar in chickens and turkeys 

and arc essentially the same at different ages. A diet containing little or no 
vitamin Bi but otherwise adequate causes a prompt decrease in appetite, followed 
soon by a steady decline in live weight. After 7 to 10 days there is progressive 
development of general paralysis.   The extensor muscles of the legs are the first 

FiCL'RE 3.—Head  relraction is   a   characteristic   symptom   of vitamin Bi   deficiency 
in the late stage.    (Courtesy of L.  C.  Norris,  Nutrition  Division,  Department of 

Poultry Husbandry, Cornell University.) 

to become affected, but soon the paralysis extends to the wings and neck and, 
finally, to all the muscles. In the early stages of paralysis the bird swallows 
feed or water with great difficulty; in the later stages the body temperature falls, 
and the head is raised and drawn back. Death follows, usually within 1 or 2 
days after the typical symptom of head retraction apj)ears (fig. 3). 
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When the diet is only partially deficient in vitamin Bi, 30 days or more may 
elapse before the symptoms of paralysis appear. In the ability of chickens and 
other birds to survive on diets that are only partially deficient in vitamin Bi there 
are marked individual differences. In adult and nearly grown birds there is a 
loss of about 20 ixîrcent of the initial live weight before death occurs. 

The first symptoni in pigeons is a partial loss of the ability to walk. The next 
symptom is uncontrolled movement of the head. Finally, head retraction occurs, 
and the logs s are drawn up close to the body; often the bird-turns somersaults. 
As in the chicken, death follows soon after head retraction occurs. 

FINDINGS AFTER DEATH 

With few exceptions, tlie diets that have been used in studying vitamin Bi 
deficiency have not contained adequate quantities of some of the other vitamins, 
es])eci;illy vitamin A and tho^^e that commonly occur with vitamin Bi in natural 
proihicts. As a matter of fact, the diets that were used in the first studies of 
vitamin Bi deficiency in the chicken and pigeon were also markedly deficient in 
vitamin A, Many of the earlier descriptions of the findings after death from 
what wi\a cotisidered to bo vitamin Bi deficiency were for tins reason in reality 
descriptions of the results of a multiple deficiency. 

For many yenrs it was believed that a deficiency of vitannn Bi caused extensive 
degeneration of the peripheral nervous system. Engel and Phillips (Î1) have 
shown, however, that there is no oierve degi^neration in either the rat or the 
cliick when tlie vitamin-Bi-deficieîit diet contains a fully adequate supply of 
vitamin A and vitamin G. Moreover, there is evidence that the withholding of 
feed produces in the chicken and other animals many of the changes thift are 
observed when a diet deficient in vitamin Bi is fed. 

At the time this is being written there is not available to the writer a good 
description of the i)ost.mortem findings in bir¡3s that have died as a result of an 
uncomplicated vitamin Bi deficiency. 

FUNCTION OF VITAMIN BI AND PREVENTION OF DEFICIENCIES 

According to the evidence now available, vitamin Bi is required for the proper 
metabolism of carbohydrates.* 

Nitzescu and loanid (39) found that if hens are deprived of vitamin Bi the 
sugar content of their blood decreases and remains below normal for 10 to 14 
days, then rises rapidly in the next few days to more than tw^ice normal. If 
vitamin Bi is injected, the sugar content of the blood returns to normal. They 
found also that injections of vitamin Bi produce appreciable decreases in the 
sugar content of the blood of normal hens. 

The animal has relatively little capacity for storing vitamin Bi, and for 
this reason, when there is a multiple deficiency of this and other vitamins, the 
symptoms of vitamin Bi deficiency tend to api>ear first. That these symptoms, 
paralysis and head retraction—the first except cessation of growth—are the 
r(\snlt of vitamin Bi deficiency may be shown conclusively by causing them to 
disappear in a short time—often less than 2 hours—by the administration of 
synthetic crystalline vitamin Bi. That these symptoms can thus be made to 
disappear is evidence that they are not the result of nerve degeneration. 

Vitamin Bi deficiency in poultry is rarely observed under practical conditions. 
It can be produced by feeding a diet that consists wholly of polished rice or 
degerminated grain or spiicially formulated diets. 

In practical poultry production no special precautions need be taken to pre- 
vent vitamin B, deficiency. The minimum vitamin Bi requirement of poultry 
is about 90 to 135 International units per pound of feed. An adequate supply 
is about 180 International units per pound of feed. Most diets for poultry 
contain two to three times this quantity. 

* More specifically, soon after vitamin Bi is absorbed from the intestinal tract, It is 
converted into cocarboxylase, which functions as a coenzyme in the metabolism of pyruvic 
acid. When the diet does not contain enough vitamin B,, pyruvic acid accumulates in 
various tissues Of the body and exerts a toxic effect on the nervous system. 
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The approximate vitamin Bi contents of some of its richer sources in feeding 
poultry are as follows : 

International units 
per pound 

Yeast,  bre-wers',   dried        4,500 
Soybean   meal ,__,        1,600 
Oats         1,200 
Wheat middlings, standard        1,000 
Wheat bran  840 
Wheat  680 
Skim milk, dried  500 
Buttermilk,  dried  450 
Barley  400 
Corn  .400 

VITAMIN Be DEFICIENCY 

Very little is known about the vitamin Be requirements of poultry br the 
symptoms of vitamin Bo deficiency. In 1939 Jukes {23) reported that the 
symptoms in chicks consist of slow growth, depressed appetite, and inefficient 
utilization of feed, followed in some cases by spasmodic convulsions and death, 
but in 1940 he reported (2^'f) that the diet that he had used in studying vita- 
min Be deficiency was deficient even when supplemented with the vitamin. 
More recently, Hegsted, Oleson, Elvehjem, and Hart (19) reported that the only 
symptoms of vitamin Bo deficiency that they had observed in growing chicks 
were lack of growth and extreme weakness. 

Vitamin Be is widely distributed in nature, and for this reason a deficiency 
does not occur among poultry that are fed practical diets but would be pro- 
duced only by special, highly simplified diets. Yeast, wheat germ, and egg 
yolk are some of the best sources of Be vitamin ; other good sources are kidney, 
liver, fish meal, dried skim milk, dried buttermilk, alfalfa products, and rice 
polishings; all the grains appear to be fairly good sources. 

VITAMIN D DEFICIENCY AND RICKETS 

Abnormal development of the bones of growing chickens, turkeys, 
and other kinds of poultry may result from a number of dietary 
causes, among which are (1) a deficiency of one or more of the 
following substances: Vitamin D, calcium, phosphorus, manganese, 
and choline; (2) a marked unbalance of calcium and phosphorus; 
and (3) the presence of certain substance« that make the vitamin 
D or the phosphorus unavailable. The discussion here is restricted 
to those conditions in which the absorption and metabolism of vita- 
min D, calcium, and phosphorus are directly involved. The condi- 
tion that results from a deficiency of manganese or choline or both 
is discussed later. 

Some writers—for example, McGow-an and Emslie (.^4)—distin-* 
guish between rickets and another condition of the bones, osteoporosis, 
on the ground that the former is the result of a deficiency of phosphorus 
and the latter of a deficiency of calcium. The distinction is war- 
ranted because the changes that occur in the bones are not the same 
in the two conditions. However, both may be prevented or cured 
by including sufficient vitamin D in the diet, unless the deficiency 
of phosphorus or calcium is very marked. 

At the time of hatching, the chick is essentially osteoporotic, that 
is, its bones have a much lower calcium-phosphorus ratio than they 
do later on; hence it requires an immediate supply of calcium in 
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its diet. If the diet is deficient in calcium or if that which is present 
is unavailable as a result of a deficiency of vitamin D, the osteo- 
porotic condition becomes more pronounced. If there is an adequate 
supply of calcium but a deficiency of phosphorus or vitamin D or 
both, rickets develops. 

Rickets inay be produced on diets that contain adequate quantities 
of vitamin D, calcmm, and phosphorus if the diets also contain large 
quantities of certain inorganic compounds, such as soluble salts of 
iron, lead, and beryllium. This is because iron, lead, and beryllium 
form insoluble compounds with the phosphorus and make it unavail- 
able. Excessive quantities of calcium in the diet of growing chicks 
may also make much of the phosphorus unavailable as a result of 
the formation of the relatively insoluble calcium phosphate. A diet 
deficient in vitamin D is therefore more rachitogenic (rickets-caus- 
ing^) if it contains an excessive quantity of calcium than if it con- 
tams a much smaller but adequate quantity. 

A condition called sulfur rickets may result from the inclusion 
in the diet of 2 percent or more of sulfur for the control of coc<?idi- 
osis. If the particles of sulfur are very small (for example, col- 
loidal), less than 2 percent may cause this condition. Why sulfur 
has this effect is not known, but there are reasons for believing that 
it interferes with the absorption of vitamin D. The condition is 
relieved but not entirely eliminated by doubling or trebling the 
vitamin D content of the diet. Sunshine appears to be more effective 
than, vitamin D in preventing sulfur rickets. 

The rickety and osteoporotic conditions encountered in the prac- 
tical production of poultry are most frequently caused by a defi- 
ciency of vitamin D rather than by a deficiency of calcium or phos- 
phorus or the presence in the diet of large quantities of soluble salts 
of iron, beryllium, or lead. 

If a vitamin-D-deficient diet is fed, beginning with the first feed- 
ing, the first symptoms usually make their appearance in the poult 
toward tjie end of the third week and in the chick about a week 
later. Usunlly most of the poults die within 5 weeks and a large 
proportion of the chicks within 8 weeks. 

In the adult chicken the first symptom of vitamin D deficiency 
is a thinning of \he shells of its eggs. If the deficiency is marked, 
there is a fairly prompt decrease in both egg production and hatch- 
ability. After a time the breast bones become distinctly less rigid. 
Adult chickens, however, can live for months on a diet that supplies 
practically no vitamin D. 

The first symptoms of vitamin T> deficiency in the growing chicken 
and turkey are a tendency to rest frequently m a squatting position, a 
disinclination to walk, and a lame, stiff-legged gait. These symptoms 
are readily distinguishable from those of vitamin A deficiency in that 
in vitamin D deficiency the chick or poult at first is alert rather than 
droopy and walks with a lame rather than a staggerng gait. Other 
symptoms, in the usual order of their occurrence, are retardation of 
growth, enlargement of the hock joints, beading at the ends of the 
ribs, and marked softening of the beak (fig. 4).   As in many other 
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FIGURE 4.—Vitamin U deficiency in a young chicken.    JNote the crossed beak, which 
is soft and rubbery, and the inability to stand. 

nutritional diseases of poultry, the feathers soon acquire a ruffled 
appearance. 

GROSS CHANGES AND CHEMICAL FINDINGS 

In the chick and poult, vitamin D deficiency produces marked changes in the 
bones and the parathyroid and thyroid glands and variable changes in the 
calcium and phosphorus content of the blood. The bones may be soft or only 
moderately so, but in any case their ash (mineral) content is much less than 
normal, and in some instances the ash content of the tibia (drumstick bones) 
may be as little as 27 percent on a moisture-and-fat-free basis. (The normal ash 
value for the tibiae of young chicks is about 46 percent.) The epiphyses, or 
growing ends, of the long bones are usually enlarged. The parathyroid becomes 
enlarged, sometimes to eight times its normal size, as a result of an increase in 
both the size of the cells and tlie number of epithelial cells. At most there is no 
great change in the size of tlie thyroid, but there is an appreciable increase in the 
number of cells. 

The changes in the calcium and phosphorus content of the blood depend on the 
calcium and phosphorus content of the diet. If the diet has a liigh calcium 
content, the calcium content of the blood may be approximately normal and the 
phosphorus content low. In such a case t)ie bones may be somewliat rarefied 
rather than soft. If there is a deficiency of both calcium and phosphorus in tlie 
diet, the blood may contain less than the normal quantities of these elements. 
When there is a deficiency of phosphorus, the bones tend to be soft and may 
be bent. 

In adult chickens a deficiency of vitamin D eventually produces changes in the 
parathyroid similar to those produced in chicks. The bones tend to become 
rarefied (osteoporotlc) rather than soft. 
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FUNCTION OF VITAMIN D AND PREVENTION OF DEFICIENCIES 

It must be concluded that vitamin D is required for the normal 
metabolism of calcium and phosphorus in the chicken, but the exact 
manner in which it performs its function is not known. A diet de- 
ficient in vitamin D does not produce rickets in rats if it contains suit- 
able quantities of calcium and phosphorus, but rickets is alwavs pro- 
duced in chickens by a deficiency of vitamin D, even when the diet 
contains calcium and phosphorus in suitable quantities. There is good 
evidence that in the rat vitamin D regulates the absorption of calcium 
and phosphorus from the intestine, and it is highly probable that it 
performs the same function in the chicken. 

Before the divScovery of the importance of vitamin D in the nutri- 
tion of poultry, it was not possible to raise poultrj^ in strict con- 
finement; that is, without access to sunshine. Even under normal 
conditions, rickets was likely to occur in poultry whenever there 
were long periods of cloudy or rainy weather during the brooding 
season. It is now a common practice to include at least some vitamin 
D in the diet of poultry whether they have access to sunshine or 
not. Even so, rickets is occasionally encountered as a result of us- 
ing an inferior grade of cod-liver oil or other source of vitamin D. 

Laying flocks are frequently housed in quarters into which little 
or no sunshine penetrates, and many such flocks suffer from the 
effects of vitamin D deficiency. Even when laying flocks are allowed 
to range the year round, they may get too little sunshine during the 
late fall, winter, and early spring. It is advisable, therefore, to in- 
clude some vitamin D in the diet of all laying stock, whether or not 
they are allowed to range. 

The usual sources of vitamin D, other than sunshine, are cod- 
liver oil, sardine oil, certain other fish oils, and ''D"-activated animal 
sterol. Vitamin D deficiency is readily prevented or cured by a 
suitable quantity of any one of those materials. The minimum 
vitamin D requirement of the growing chick is about 60 to 90 A. O. 
A. C. chick units^ per pound of feed; that of the growing poult is 
about 2 to 31/2 times as much. An adequate supply for the chick 
is about 180 A. O. A. C. chick units per pound of feed and for the 
poult about 360 units. The duckling apparently requires about as 
much vitamin D as the poult. 

Chickens that are being kept for the eggs they produce should 
receive about 360 A. O. A. C. chick units of vitamin D per pound 
of feed, and breeding stock—^both chickens and turkeys—about 540 
units. 

Cod-liver oil that is sold as such in interstate commerce is required 
by law to contain not less than 85 United States Pharmacopoeia units 
of vitamin D per gram, or about 38,560 U. S. P. units per pound. 
In the case of cod-liver oil 1 U. S. P. unit of vitamin D is equal 
to 1 A. O. A. C. chick unit. The fortified cod-liver oil and sardine 
oils now on the market are usually guaranteed^ to contain about 
181,600 A. O. A. C. chick units per pound. Other oils and other 
products used as sources of vitamin D in feeding poultry are usually 

"^The standard unit of the Association of Official Agricultural Chemists. 
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sold on the basis of a guaranteed number of A. O. A. C. chick units 
per gram or per pound. 

VITAMIN E DEFICIENCY 

By feeding a diet high in fat but markedly deficient in vitamin E 
to chicks, ducklings, and poults, Pappenheimer, Goettsch. and Jung- 
herr (41) produced nutritional encephalomalacia (crazy-chick dis- 
ease) in the chicks, nutritional myopathy (a disease of the muscles) 
in the ducklings, and nutritional myopathy of the gizzard in the 
poults. They were able to prevent or at least greatly reduce the 
incidence of the encephalomalacia in the chicks by including various 
vegetable oils in their diet. They completely prevented the develop- 
ment of encephalomalacia by administering small quantities of al- 
pha-tocopherol (vitamin E) by mouth. In a single experiment with 
ducklings the nutritional myopathy was prevented by substituting 
5 percent of hydrogenated cottonseed oil for an equal weight of lard 
in the diet. ín the case of poults the administration by mouth of 
0.34 cubic centimeter of wheat-germ oil per head per day in gelatin 
capsules greatly reduced the incidence of the gizzard condition but 
did not eliminate it completely. 

SYMPTOMS OF NUTRITIONAL ENCEPHALOMALACIA IN THE CHICK 

AVhen a diet such as that used 
{41} is fed to day-old chicks, the 
encephalomalacia may occur as 
early as the seventh and as late 
as the fifty-sixth day, but the 
highest incidence is between the 
fifteenth and thirtieth days after 
hatching. The average age at 
which the disease occurs is about 
5 weeks. In older chicks the av- 
erage number of days before the 
onset of the disease depends on 
the age at which the deficient diet 
is first fed; the older the chicks 
are, up to 8 weeks of age, the more 
quickly they are ati'ected. The 
disease rarely occurs among 
chicks more than 8 weeks old. 

The symjjtoms of nutritional 
encephalomalacia are described 
very well by its popular name, 
"crazy-chick disease. "\ATien the 
chicks attempt to walk, they 
often fall forward, backward, or 
to one side and then wheel in cir- 
cles. In advanced cases there is 
frequently complete prostration, 
with the legs extended, the head 
sometimes retracted, and tremors 

by Pappenheimer and associates 

FiouKE 5.—A chicken (»rostrated by luilri- 
tional enceplialonialacia, or crazy-cbick 
disease, in an advanced stage. Tbe re- 
tracted bead is also a result of vitamin E 
deficiency. (Courtesy of Erwin Jungherr, 
Department of Animal Disease, Storrs 
Agricultural Experiment Station, Storrs, 

Conn.) 

of both head and legs  (fig. 5). 
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Extensive lesions are usually found in the brains of chicks thiit have ilicd 
of nutritional enoephah:>nialaria. The cerebellum (the hind part of the brain) 
is most commonly afl'ected ; but in somewiiat more than 25 itercent of all oases 
lesions are found also in the (■erei)ral hemispheres, and in about 12 percent 
of all cases in the medulla. In some cásese four-fifths of the cerehelium may 
be aff(?cte(i, and in others the lesions may be so small that they cannot be 
detected with the unaided eye. The affected tissues change from pink to 
greíMiish yellow and in the healing stage to a rusty brown. For a rather 
complete *descrii>tion of the niicrosciipit-' clian^^îs thai take ])lace in the brain, 
the reader is referred to PaPiK^nheimer, Go(^ttsch, and Jungherr's mono- 
^rranh  (///). 

SYMPTOMS OF NUTRTTIOIVAL MYOíWTIIY, OK MUSCLE DISEASE 

The syini)tonis of nuti'itional iiiyopathy in <iucklin<^s appear quite 
suddenly, usually in the second or third week. In the early stages 
the ducklings walk awkwardly, with their feet turned in and some- 
times overlapping. Often they are found sprawled out and unable 
to rise. Sometimes there are coarse tremors. Only the skeletal mui¿- 
cles show^ pathologic changes; the muscles are pale in color—a light 
creamy yellow rather than dark red. There are %vides})read hyaline 
necrosis and some edema, or watery swelling. 

When the Pappenlieimer-Goettsch diet is fed to young poults, there 
are no specific outward indications that anything is wrong, but on 
post mortem, examination, lesions or tissue cliaitires are found in tlie 
muscular wall of the gizzard. Histologically, the changes in the 
muscles of the írizzard are hyaline necrosis and HI)rosis, 

OTHER CONDITIONS ATTRIIU TAHLE TO A DEFICIENCY^ OF 

VITAMIN E 

By feeding special diets to chicks, Dam and Glavind (9) pro- 
duced a conditi<m, wliich they called alimentary (nutritional) exu- 
dative diathesis, that could be cured by adding synthetic vitamin 
E (d,l alpha-tocopherol) to the diets. The condition was character- 
ized by an accumulation of large quantities of transparent fluid in 
the subcutaneous tissues. The accumulations winv found in various 
j)arts of the body but most frequently in the breast and abdomen. 
The fluid had the same composition as blood plasma and clotted 
readily. In addition to the accumulations of fluid, hyperemia (ex- 
cess of blood), slight hemorrhage, and accumulation of w^hite blood 
corpuscles in connective tissues were observed. 

Bird and Culton {3) have described a generalized edema which 
(hey })r(>duced in young chicks by fetiding a diet of dried skim milk, 
dextrinized cornstarch, cod-liver oil, and mineral salts. This diet 
is deficient in vitamin E and in other nutritional factors, but Bird 
and Culton were able to prevent the development of the edema by 
administering d,l alpha-tocopherol. 

Hammond, at the Beltsville Research Center, Beltsville, Md., pro- 
duced crazy-chick disease by feeding diets that contained 3 percent 
or more of cod-liver oil to day-old chicks. Mild eases were cured 
within a few days by administering synthetic vitamin E. This 
condition was essentially the same as the crazy-chick disease some- 
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times observed in commercial flocks, iind the brain lesions Avere like 
those found by Pappenheimer, Goettsch, and Jungherr {J4I) in nutri- 
tional encephalomalacia. 

OCCURRENCE AND PREVENTION OF VITAMIN E DEFICIENCY 

^ Crazy-chick disease, or nutritional encephalomalacia, occurs occa- 
sionally in commercial flocks that are fed typical feed mixtures for 
poultry. In such cases it has. been often found that tlie feed mixture 
was prepared several months before it was used, strongly suggesting 
that the vitamin E originally in the feed w^as destroyed or inactivated 
before the feed was used. 

Much can be done to avoid the destruction or inactivation of the 
vitamin E in feed mixtures by not using excessive quantities of cod- 
liver oil or other fats and oils and by feeding all mixtures weithin a 
short tim^e after they are prepared. 

Very few quantitative data are available on the vitamin E content 
of feedstuifs, and little is known about the quantitative requirements 
of poultry for vitamin E. It is known, however, tliat good sources 
of vitamin E include wheat-germ meal, alfalfa, alfalfa meal, alfalfa- 
leaf meal, wheat middlings, wheat shorts, wheat bran, and all unground 
grains and seeds. 

When nutritional encephalomalacia occurs in a nock, it can be 
checked, and the individual cases that do not become acute can be 
cured, by adding to the diet 1 to 2 percent of corn oil, soybean oil, 
peanut oil, wheat-germ oil, or cottonseed oil for a few weeks. Experi- 
ence has shown that the addition to the diet of more than 2 pei'cent 
of such oils is often much less effective than the addition of 1 percent. 

VITAMIN G DEFICIENCY 

The characteristic symptom of vitamin G deficiency in the chick is 
a condition referred to as curled-toe paralysis, but, according to Norris, 
Wilgus, Ringrose, and others {Jfi) and Stokstad and Manning (4<?), 
this condition does not occur if the diet is so extremely deficient in 
vitamin G that the chick dies. If a small quantity of vitamin G is 
added to an extremely deficient diet, the paralysis occurs, while if a 
sufficiently large quantity is added the paraljjsis is prevented. Three 
degrees of severity of curled-toe paralysis in chicks have been de- 
scribed by Stokstad and Manning (4^). The first degree is char- 
acterized by a tendency to rest on the hocks and a slight curling of the 
toes, the second by marked weakness of the legs and a distinct curling 
of the toes of one or both feet, and the third by toes that are completely 
curled inward or under and a weakened condition of the legs that 
compels the chicks to walk on their hocks. 

Other symptoms of vitamin G deficiency in the chick are a marked 
decrease in the rate of growth or even complete failure to grow, 
diarrhea after 8 or 10 days, and a high mortality rate after about 3 
weeks. According to Lepkovsky and Jukes {31) the growth of the 
feathers appears not to be impaired. These workers have reported 
that, as a matter of fact, the main wing feathers appear to become 
disproportionately long. 
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The symptoms of vitamin G deficiency in the poult were found by 
Lepkovsky and Jukes (31) to be different from those in the chick. 
According to these workers, a dermatitis, or skin inflammation (fig. 
6), appears in young poults after about 8 days, and the vent becomes 

FIGURE 6.—Vitamin G deficiency in a turkey poult. Note the swelling, scaling, and 
fissuring in the feet of the poult at the left, produced by feeding a diet deficient 
in vitamin G. The poult whose normal feet are shown at the right received the same 
diet with the addition of a vitamin G concentrate made from whey. (Courtesy of 
Thomas H. Jukes, Division of Poultry Husbandry, California Agricultural Experiment 

Station, Davis, Calif.) 

encrusted, inflamed, and excoriated, or stripped of skin. Growth 
slows up and ceases completely by about the seventeenth day, and 
deaths begin to occur about the twenty-first day. 

FINDINGS AFTER DEATH 

According to Phillips and Engel (^2) a deficiency of vitamin G in the diet of 
the chick produces specific changes in the main peripheral nerve trunks. In 
acute cases there are hypertroi»hy (increase in cell size) of the nerve trunks and 
a readily observable change in their appearance. Degenerative changes also 
apiiear in the myelin of the nerves. Phillips and Engel also found congestion 
and premature atrophy (wasting) of the lobes of the thymu.s. The kidney, 
thyroid and suprarenal glands, brain, and brain stem appeared not to be 
affected. 

FUNCTION OF VITAMIN G AND PREVENTION OF DEFICIENCIES 

It is know that vitamin G is an essential component of certain 
enzyme systems and that it has some functions in the oxidation proc- 
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esses of the cell. Just what happens when these enzyme systems fail 
is not definitely known, but the evidence available indicates that the 
growing chick requires vitamin G for üíG normal functioning and 
maintenance of the nervous system, particularly the main peripheral 
nerve trunks. 

Relatively few of the feedstuffs used for poultry contain enough 
vitamin G to meet the minimum requirement of the chick or poult 
during the first few weeks of life ; hence if the ingredients of the diet 
of the young chick or poult are not selected so as to include one or 
more of the richer sources of vitamin G, the diet is likely to be defi- 
cient in this vitamin. In the case of chicks and poults that are closely 
confined this is especially true unless green feeds or other good 
sources of vitamin G, such as dried skim milk, dried buttermilk, and 
alfalfa-leaf meal are supplied. 

The minimum vitamin G requirement of the growing chick and 
poult varies with their age. During the first week it is about 1,300 
micrograms per pound of feed for the chick and about 1,600 micro- 
grams for the poult. The duckling's requirement is about the same 
as that of the chick. An adequate supply of vitamin G for the first 
4 or 5 weeks for all three species is about 1,670 micrograms per pound 
of feed. 

The vitamin G requirement of the adult chicken, turkey, or duck 
is relatively low, but it increases somewhat with the onset of egg pro- 
duction. Chickens being kept for the eggs they produce probably 
require only 600 to 800 micrograms of vitamin G per pound of feed, 
but the feed of breeding stock—chickens or turkeys—should contain 
about 1,250 micrograms per pound to maintain a'^high hatchability. 

The approximate vitamin G contents of some of the richer sources 
of this vitamin used in feeding poultry are as follows : 

Microijrams per pound 
Yeast, brewers', dried  16, 000 
Dried buttermilk (sweet cream)  12,000 
Dried   whey  10,000 
Dried   buttermilk       9,000 
Dried  skim  milk    9,000 
Alfalfa-leaf meal,  dehydrated         8,000 
Alfalfa-leaf  meal       1,000 
Alfalfa   meal     5, 000 
Fish meal, whitefish     4, 200 
Fish meal, sardine     i^, 200 
Meat scrap    3, (X)0 
Soybean   meal    1,500 

VITAMIN K DEFICIENCY 

Apparently vitamin K is necessary for the formation of prothrombin, which 
in turn is iiccessary for the normal clotting of blood. 

If very young chicks are fed a diet deficient in vitamin K, the time required 
for their blood to clot begins to increase after 5 to 10 days and becomes greatly 
increased after 7 to 12 days. After about a week on such a diet, hemorrhages 
often occur in any part of the body, spontaneously or as the result of an injury 
or bruise. The only external symptoms of vitamin K deficiency are the resulting 
accumulations of blood under the skin. 

Chicks on a vitamin-K-deficient diet become anemic after a time as a result 
of the heinorrhages.   Examination after death often reveals accumulations of 
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blood ia various parts of the body, and there are invariably erosious of the 
gizzard lining (1). 

The symptoms of vitamin K deficiency may be produced quite easily in young 
chicks in the laboratory, but they are seldom if ever observed when the chicks 
are raised in the usual manner. The age at which the vitamin-K-deficient diet 
is first fetl influences the development of the resulting deficiency disease. The 
younger the chicks, the more susceptible they are ; the deficient diet does not 
cause the disease after the chicles are a few weeks old. Hemorrhages may be 
produced within 12 to 20 days in adult chickens, however, by tying off the bile 
ducts, indicating that bile is necessary for the absorption of vitamin K. 

Vitamin K has been found in such diverse materials as dried alfalfa, fish 
meal, and rice bran that had been moistened and allowed to stand at room 
température for a few days, kale, tomatoes, hempseed meal, and hog-liver fat. 
In corn, wheat, or rice there appears to be little or no vitamin K. In any 
case, it may be pointed out that in comiwunding practical diets for poultry 
it is not necessary to take special precautions to insure an adequate supply 
of vitamin K. 

PANTOTHENIC ACID DEFICIENCY « 

SYMPTOMS 

The symptoms of pantothenic acid deficiency in the chick, accord- 
ing to Ringrose, Norris, and Heuser (46)■, are as follows: Growth 

is retarded, and the feath- 
ers become ragged in ap- 
])earance. Within 12 to 14 
days the margins of the 
eyelids become granu- 
lated, und frequently a 
vi.scous exúdate, which 
causes the eyelids to stick 
firmly together, is formed. 
Crusty scabs appear at the 
corners of the mouth (fig. 
7), and the .skin on the 
bottoms of the feet often 
becomes thickened and 
cornified. At first there is 
no loss of down or feath- 
ers, but after about 18 
weeks complete loss of 
feathers in limited areas 
on the head and neck may 
occur. 

Tlte symptoms of panto- 
thenic acid deficiency and 
egg-white injury (see the 
next section) are very sim- 
ilar, but according to 
Jukes ^ the two conditions 
may be distinguished from 

FIGURE   7.—J^'antoiiicmc-acid uencicncy.    JSole liie 
lesions at the corner of the mouth and on the eye» 

lids, which are stuck together. 

•Tlie nutritional factor now called pantothenic acid has been referred to at various 
times as the chick antipellagra factor, the filtrate factor, the chick antidermatitls or 
antidermatosis factor, and the antidermatosis vitamin. 

' Personal communication from T. H. Jukes. University of California. I>avis, Calif. 
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each other as follows : In egg-white injury the first symptom is a rough- 
ening of the skin below the lower mandible, whereas the dermatitis, or 
inflammation of the skin, observed in pantotheuic acid deficiency 
appears first at the corners of the mouth and is seldom seen below the 
mandible. In egg-w4iite injury the feet become involved at the same 
time as the mouth, whereas dermatitis of the feet is rarely seen in 
pantothenic acid deficiency and then only in the later stages—usually 
about 2 or 3 weeks after dermatitis has appeared at the corners of the 
mouth. 

The characteristic dermatitis produced in chicks by feeding diets 
deficient in pantothenic acid has not been found in adult chickens 
fed similar diets. 

FINDINGS AFTER DEATH 

Ringrose, Norris, and Heuser {Jf6) reported that on post lYiortem examina- 
tion of the affected chicks a pusliko substance was frequently observed in 
the mouth and an opaque, grayish-white exúdate in the proventriculus. The 
entire intestinal tract was found to be almost entirely devoid of feed residues, 
and the small intestine lacked normal tone and was atrophie (wasted). The 
liver frequently had an abnormal color that varied from a faint yellow to 
a deep dirty yellow. The spleen appeared to be small and atrophie and the 
kidneys inflamed or hemorrhagic. 

Phillips and Engel i4S) found lesions in the spinal cord of chicks that had 
received a diet deficient in x>antothénic acid. The lesions were characterized 
hy a myelin degeneration (degeneration of the sheath) .of the myeliuated 
fibers. Such degenerating fibers were found in all segments of the spinal 
cord down to the lumbar regie»n. Involution (degeneration) of the thymus 
and liver damage also were found. 

The manner in which pantothenic acid functions in the chicken is not known, 
but the observations of Phillips and Engel show that it is necessary for the 
maintenance of a nc>rmal spinal cord in the growing clnck. 

OCCURRENCE AND PREVENTION OF PANTOTHENIC ACID 
DEFICIENCY 

Most of the feedstuff« ordinarily fed to y)oultry are fairly good 
sources of pantothenic acid, but diets composed largely of the cereal 
grains, wheat middlings, and meat scrap or fish nieal may contain less 
of this factor than is required by the growing chick. It should also 
be noted that the kiln-drying of corn tends to destroy much of the 
pantothenic acid originally present. 

Cases of dermatosis (a general name for any skin disease) have 
been observed among growing -chicks that were being raised under 
practical conditions and presumably were receiving an adequate diet. 
Undoubtedly there are causes of dermatosis other than a denciency of 
pantothenic acid, and it is possible that some of them are nutriti'onal 
in nature. In the turkey, for example, a dermatosis may be produced 
by feeding a diet deficient in vitamin G. 

Tlie minimum pantothenic acid requirement of the chicken is set 
tentatively at about 5 milligrams per pound of feed. An adequate 
supply is about 6 milligrams per pound of feed, but apparently the 
diet of breeding stock should contain about 7 milligrams per pound of 
feed in order to insure good hatchability. 

77484*—51 70 
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The approximate pantothenic acid contents of the richer sources of 
this vitamin, or vitaminlike factor, that are used in feeding poultry 
are: 

Milligrams 
per pound 

Yeast, brewers', dried «   95 
Caae   molasses  6 to 38 
Peanut   meal .  25 
Dried   whey  25 
Dried buttermilk  19 
Alfalfa-leaf meal, dehydrated  19 
Dried skim milk  16 
Alfalfa-leaf  meal  13 
Wheat   bran .  11 
Rice bran  11 
Soybean meal  6 

EGG-WHITE INJUKY 
A condition in chicks that resembles pantothenic-acid-deficiency disease may 

be produced by feeding diets in which all or a rather large proportion of the 
animal protein is derived from egg white or from whole egg. It is called egg-white 
injury. Even as little as 5 percent of dried egg white or an equivalent quantity 
of liquid egg white in such diets produces a dermatitis at the corners of the 
mouth and on the bottoms of the feet. 

Egg-white injury does not appear if 5 to 10 times as much eg^ yolk as egg 
white is also included in the diet. It may be prevented also by inchiding 
relatively large quantities of dried skim milk, or about as much dried liver as 
egg white, or about half as much cooked pig kidney as egg white. If the egg white 
is cooked before it is dried, it does not produce.the dermatitis. 

The first symptoms of egg-white injury is the development of a dermatitis 
almost simultaneously at the corners of the mouth, below the lower mandible, 
and on the bottoms of the feet. According to Jukes, however, roughening of 
the skin below the lower mandible is usually the first symptom to appear and 
is particularly noticeable where the skin joins the mandible. Later the eyes 
may be stuck shut, and fissures appear in the Skin on the bottoms of the feet, 
If the chicks survive }ong enough, the fissures become numerous and rather deep. 

The precise cause of egg-white injury is not known, but it appears to result 
from a deficiency of biotin (vitamin H—one of the group of B vitamins). Appar- 
ently the egg white, if not denatured by cooking or otherwise, combines with and 
inactivates the biotin unless a rather large quantity is present in the diet. 

MANGANESE AND CHOLINE DEFICIENCIES« 
SYMPTOMS OF PEROSIS 

If young chicks are fed a diet deficient in manganese, symptoms 
of perosis will develop within 2 to 10 weeks, depending on the 
severity of the deficiency,* the breed and strain of chicken, the com- 
position of the diet, and the age at which the diet is first fed. If 
the deficient diet is fed from the first feeding, that is, when the 
chicks are 1 or 2 days old, the symptoms generally develop between 
the ages of 3 and-6 weeks, but if it is not fed until tïie chicks 
are 10 weeks old, the usual symptoms may not appear. 

The first readily noticeable symptom is a tendency on the part 
of some of the chicks to rest for long periods in a squatting posi- 

** This disease has been referred to at various times as hock disease, slipped tendon, and 
deforming leg weakness. 
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tion. If the tibiotarsal joints (hocks) in these chicks are carefully 
examined, a slight puffiness may be observed. Within a few days 
the joints become slightly enlarged, and frequently the skin cover- 
ing them has a bluish-green cast. Apparently this is a critical stage, 
because in some cases, especially among the more resistant breeäs 
or strains, the chicks frequently recover to such an extent that no 
readily noticeable permanent deformity results. 

As the joints become further enlarged, they tend to become flat- 
tened, and the metatarsi (shank bones) and tibiae exhibit a slight 
bending and also often undergo a rotational twisting. As the condi- 
tion continues to develop, the bones become more and more bent until 
gross deformity results. Frequently the articular, or joint, cartilage 
at the lower end of the tibia slips from its normal position, and this 
in turn causes the main tendons to slip from their condyles (the 
knucklelike ends of bones). Sometimes the curvature of a tibia is so 
great at its lower end that the tendons slip even though the articular 
cartilage has not been displaced. These changes may take place in 
either one or in both legs ; wlien they take place in both legs the chicken 
is forced to walk on its hocks. 

The symptoms of perosis in young poults and ducklings are simi- 
lar to those observed in young chicks, but in the poult the next 
higher joint in the le^o^ frequently becomes affected. Perosis has 
been found also in various wild birds, including pheasants, grouse, 
quail, and sparrows. 

OTHER EFFECTS OF A DEFICIENCY OF MANGANESE 

If adult chickens are fed a diet deficient in manganese, no observ- 
able changes in their leg joints and bones occur, but the shells of 
their eggs tend to become thinner and less resistant to breakage. 
If the deficiency is sufficiently great, egg production is decreased, 
and the eggs that are produced do not hatch well. The hatchability 
is reduced ^s a result of an increase in the embryonic mortality that 
occurs after the tenth day of incubation. According to Lyons and 
Insko {S3) this embryonic mortality reaches its peak on the twen- 
tieth and twenty-first days of incubation, and the embryos that die 
after the tenth day are chondrodystrophic and characterized by very 
short, thickened legs, short wings, "parrot beak," a globular contour 
of the head, protruding abdomen, and, in the most severe cases, re- 
tarded development of the down and poor growth. 

If the deficiency of manganese in the diet of laying hens is marked 
but not extreme, a few of the eggs may hatch. The resulting chicks 
may have very short leg bones, and in some cases the bones may be 
deformed as in chicks that develop perosis after hatching. Caskey 
and Norris (8) raised some of the short-legged chicks on diets that* 
contained an adequate quantity of manganese and found that this 
condition of the legs persisted during a period much longer than 
that required for the attainment of maturity. 
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CHEMICAL FINDINGS AND GENERAL CONDITION OF THE BONES 
IN PEROSIS 

The early work of Hall and King {IJ^) indicated that chicks with slipped 
tendons had less bone phosphatase than normal chicks. Later Wiese, Johnson, 
Elvehjem, and Hart {52) observed that both the blood and bone phosphatase 
and the estfer phosphorus of the blood are decreased in manganese deficiency in 
the chick. 

Although the majority of workers who have studied perosis in the chicken 
have reported that there is no material difference in the ash content of the 
leg bones in perotie and normal chicks, Caskey, Gallup, and Norris (7) found 
that the leg bones of perotie chicks contained somewhat less ash than those of 
normal chicks. 

Caskey, Gallup, and Norris fonnd also that a deficiency of manganese in the 
diet of chicks results in a significant thickening and shortening of the bones of 
the legs, wings, and spinal column. In rickets, as in perosis, the leg bones may 
become thickened and shortened, but the shafts are poorly calcified and tough, 
whereas in perosis they are well calcified and relatively brittle. In osteoporosis 
the shafts are of normal length and much thinner than in rickety or perosis 
and are somewhat more springy than in perosis. In all three conditions the 
upper end of the tibia Í3ecomes enlarged, but it has a bulbous shape in rickets, 
a conical shape in perosis, and an approximately normal shape in osteoporosis. 

THE COMBINED ACTION (SYNERGISM) OF MANGANESE 
AND CHOLINE 

Soon after it was reported by Wilgiis, Norris, and Heuser (5^) 
that manganese plays an important role in preventing perosis in 
growing chickens, several workers observed that the addition of man- 
ganese to the diet was not in every case completely effective. In most 
instances no perosis occurred, but in a few instances.2 to 5 percent of 
the chicks developed relatively mild cases. Later it was found that 
the addition of manganese was less effective in preventing perosis 
in turkeys than in chickens. 

Thus the matter stood until Jukes (^5, 26) reported that choline, a 
widely distributed substance found in most animal and plant tissues, 
is effective in preventing perosis in both poults and chicks if the diet 
contains manganese. Workers in several institutions soon confirmed 
Jukes' finding that the diet must contain adequate quantities of both 
manganese and choline if complete protection against perosis is to 
be obtained. 

The manner in which manganese and choline function in the devel- 
opment of a normal skeleton is not yet known. 

OCCURRENCE AND PREVENTION OF PEROSIS 

Perosis was seldom observed before the more intensive methods of 
raising poultry came into use. With development of out-of-season 
production of broilers it became a serious problem. In general, it 
occurred frequently whenever chickens and turkeys were raised with- 
out access to the soil. The reason is now apparent: only about 10 
percent of the individual ingredients of mixed feeds for poultry con- 
tain enough manganese to furnish an adequate supply of this element, 
and often these feedstuffs account for only 40 percent or less of the 
usual feed mixtures, but when poultry have access to the soil they 
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ordinarily are able to obtain enough additional manganese to meet 
their requirement. 

Com and milk are extremely poor sourcses of manganese, and diets 
composed largely of these two ingredients are likely to cause perosis, 
unless additional manganese is added. On the other hand, wheat bran, 
wheat middlings, and rice bran are relatively rich sources, and perosis 
is not likely to occur on diets that contain 20 percent or more of the 
first two or 10 percent of the third of these feedstuffs. In any case, 
it is good insurance against perosis to include a small quantity of 
jiianganese sulfate in the diet. 

Most research workers in poultry nutrition agree that, for adequate 
protection against perosis, the diet of chickens should contain about 
50 pails per million of manganese. Turkeys apparently require more 
manganese than chickens, but 50 to 60 parts per million will ordinarily 
meet their requirements, provided their diet also includes a sufficient 
(uiantity of choline. 

Inasmuch as most diets for poultry are likely to contain at least 20 
])arts per million of manganese, adequate protection against perosis 
generally will be obtained if about 30 parts per million are added. 
This quantity of manganese may be supplied easily through the use 
of a mixture of 100 paits, by weight, of common salt and 1.7 parts of 
pure anhydrous manganous sulfate, or about 2.2 parts of so-called 
technical grade anhydrous manganous sulfate. About 0.5 percent 
of this mixture should be included in all-mash diets and 1 percent in 
mashes with which an approximately equal quantity of grain is to 
be fed. 

Nearly all the feedstuffs commonly used in feeding poultry contain 
.some choline, so that typical diets for poultry are not likely to be 
deficient in this substance. One of the better sources of choline among 
feedstuffs is soybean meal, and for this reason, the inclusion of 5 to 
10 percent of this feedstuff in diets for poultry, especially for turkeys, 
will tend to insure against a deficiency of choline. 

IRON AND COPPER DEFICIENCIES AND ANEMIA 

Anemia rarely if ever occurs among chickens on practical diets, but it has 
been demonstrated (10, 16) that it can be produced in young chicks by feed- 
ing a diet extremely deficient in iron or copper or both. The workers cited 
produced anemia in young chicks by feeding a diet of cow's milk, polished 
rice, calcium carbonate, and salt and a similar diet in which the rice was 
replaced by corn. 

When the rice-contain|ng diet was fed, the hemoglobin content of the blood 
fell from 8 grams per 10Ó cubic centimeters to 4 grams per 100 cubic centimeters 
within 12 to 15 days. The anemia was prevented by adding a small quantity of a 
soluble salt of iron to the diet. However, if the rice was first treated to remove 
the small quantity of copper it contained, it was necessary to add salts of both 
iron and copper to obtain normal hemoglobin formation. 

When the corn-containing diet was fed, anemia developed during the early 
growing period but gradually disappeared as the chicks became older. As 
in the case of the rice-containing diet, tJie addition of iron prevented the 
occurrence of anemia. 

As was found by Hogan and Parrott (22), anemia can also be produced in 
young chicks by feeding special, simplified diets that presumably have an 
adequate content of iron and copper. In such instances the anemia Is the 
result of a deficiency of some as yet unknown nutritional factor. 
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Although anemia of nutritional origin occurs extremely rarely in chickens, 
it has been observed in developing embryos in eggs from hens that had re- 
ceived more or less typical diets for poultry. Anemic embryos are encoun- 
tered most frequently in the fall and winter, when the parent stock does not 
receive much sunshine. The exact cause of this anemia in embryos is not 
known, but probably the cause is a deficiency of iron or copper or both. At 
least there is evidence that if chickens do not receive sunshine or do not 
have some cod-liver oil in their diet, the transfer of iron and copper to their 
eggs is appreciably reduced. 

The available evidence on the subject indicates that under ordinary, prac- 
tical conditions it is unnecessary to add compounds of iron and copper to the 
diets of poultry to prevent anemia. As a matter of fact, the addition of 
large quantities of iron compounds may produce rickets by making the phos- 
phorus unavailable. 

IODINE DEFICIENCY AND GOITER 

Only a few cases of goiter, or enlarged thyroid (fig. 8), in 
chickens have been observed and reported in this country, but Welch 
(SJ) has stated that it is very common in Montana, and Kernkamp 
(28)  has reported two cases in Minnesota     Goiter in the chicken 

probably is more com- 
mon in certain sections 
of this country than is 
generally realized. Un- 
doubtedly the reason 
that only a few cases 
have been reported is 
that the enlarged thy- 
roids are concealed by 
the feathers and are not 
readily detected. More- 
over, goiter does not ap- 
pear U> affect the health 
of chickens seriously or 
to be a cause of heavy 
mortality. 

Goiter has been pro- 
duced experimentally in 
chickens by Gassner and 
Wilgus (13). They fed 
diets of extremely low 
iodine content (25 parts 

I 

FIGURE 8.—^, normal, and B, enlarged thyroid glands billion)    tO   laving 
of chickens.    The enlarged thyroid was removed from i.      ^i    ü j    _„ 
a chicken that had been fed a diet deficient in iodine- 
(Courtesy   of   H.   S.   Wilgus,   Colorado   Agricultural 

Experiment Station, Fort Collins, Colo.) 

hens and found en- 
larged thyroid glands 
in the chicks that 
hatched from their eggs. 

Wilgus and associates (53) were able to produce goiter in young grow- 
ing chicks by feeding them a simplified diet of low iodine content in 
which the sole protein supplement was soybeans. However, when they 
added sufficient iodine to this diet the thyroid glands were normal 
in size and structure. 

Such experiments have provided definite evidence that the chicken 
requires a small quantity of iodine, but neither the minimum nor 
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tlie optimum amount is known. Mitchell and McClure {S7) esti- 
mated that the daily iodine requirement of a 5-pound chicken is 
4.5 to 9 micrograms (a microgram is one-millionth of a gram, or 
slightly less than one twenty-eight millionth of an ounce). 

Most American workers who have studied the effect of adding 
small quantities of iodine to the diet of chickens have reported that 
no beneficial results were obtained, which suggests that typical diets 
for poultry are not likely to be deficient in iodine. Nevertheless, 
the use of so-called iodized salt in diets for poultry—especially in 
sections of the country where goiter is en(M)untered in other farm 
animals—may be a worth-while means of insuring against a pos- 
sible deficiency of iodine. 

GIZZARD EROSION 
Several different kinds of gizzard erosion are found in poultry, 

and the nKîager evidence now available suggests that the}^ are the 
result of different caiLses or combinations of causes. The kind most 
frequently encountered is preceded by hemorrhages from the glandu- 
lar layer of the gizzard, which oi'iginate from the capillaries in the 
submucosa. A second kind, which is less common, is characterized 
by a softening and a pronounced thickening of the lining of the giz- 
zard. In a third kind, w^hich is of still less frequent occurrence 
and has been observed chiefly in turkeys, the lining softens and 
separates completely from the glandular layer. The last kind of 
erosion is distinctly different from the first but resembles tlie sec- 
ond in that thei-e is a softening of the lining. 

Little or nothing is known about the development of the second 
and third kinds of gizzard erosion, but the histological studies of 
Lansing, Miller, and Titus (SO) have yielded some information re- 
garding the development of the first kind, which is discussed in 
the following paragraphs. 

According to these autliors the erosions are formed iu the foUowing way: 
At one or more places in the glandular layer of the gizzard there is a seepage 

of blood into the «ecretion from which the lining is formed, and the lining 
is thus weakened in these places and loses some of 'its colierence. Reddish- 
brown stains in the lining, varying in size from a mere speck to ^several square 
centimeters, are evidence of such sec^page. If the passage of blood into the 
seííretion stops at this stage, the subsequent secretion yields a normal layer 
of lining under the aifected area. After a short time threadlike, shallow 
fissures ai)pear on the attrition surface of the lining in such places. 

Sometimes the initial seepage of blood is followed by a pronounced hemor- 
rhage, and blood clots form between the weakened lining and the glandular 
layer. If the seepage continuíís for some time before the hemorrhage occurs, 
a fairly thick but deeply stained lining may be found over the blood clot ; 
but if the hemorrhage follow^s promptly after the initial seepage, only a thin 
lining or no lining at all is f()und over the site of the hemorrhage. In either 
case, the affected portion of the lining now lacks the backing, or support, of 
the glandular layer and soon cracks or sloughs off. The final result- is the 
formation of deeply fissured areas, holes in the lining, or both. 

Apparently, when the hemorrhages are large the secreting activity of the 
glands is markedly reduced or even stopped. In any case, new lining is 
not formed and large eroded areas appear. 

If at any stage in the development of gizzard erosions a suitable 
diet is fed, the hemorrhages stop, and after 2 or 3 weeks a lining of 
normal appearance may be foraied. 
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Gizzard erosion has been found in all sections of the country and 
presumably in all breeds of chickens. Its incidence is greatest in 
very young chicks and decreases with increasing age. 

Apparently gizzard erosion has no appreciable effect on the rate 
of growth or the health of chickens. In any case, its occurrence in 
very young chicks is not a cause for concern. If it is found in 
chicks older than 4 weeks, however, the diet fed is probably not 
entirely satisfactory. 

Various feedstuffs and other materials have been reported to be 
of value in clearing up gizzard erosion. Among those reputed to 
be of special value are dried ox bile, cholic acid, kale, hempseed 
meal, alfalfa products, wheat bran, wheat middlings, oats, soybean 
meal, pig liver and kidney, lung tissue, cartilage, and chondroitin. 
Of these materials the most effective are dried ox bile and cholic acid. 

The diverse nature of the materials just mentioned strongly sug- 
gests that gizzard erosion may result from a deficiency of more than 
one nutritional factor and that the deficiency may be single or 
multiple. This suggestion is strengthened by the fact that although 
dried ox bile has been very effective in the experiments of all work- 
ers who have tested it, some workers have failed to get a response 
from cartilage and chondroitin, and others have obtained very little 
if any response from alfalfa. 

FEATHER PICKING AND CANNIBALISM 

Cannibalism is a term used by some poultrymen in referring to the 
habit sometimes developed by chickens, turkeys, other poultry, and 
game birds of picking one another's feathers, toes, beaks, heads, 
combs, backs, vents, and other parts of the body. Some poultrymen, 
however, restrict the use of this term to cases in which blood is drawn. 
Inasmuch as there are instances in which only the feathers are picked, 
or pulled, it seems desirable to make a distinction between feather 
picking and cannibalism. 

Often the only result of feather picking is that some of the birds 
lose many of their feathers, but cannibalism nearly always leads to 
heavy losses through death. In flocks of pullets just starting to lay, 
cannibalism generally follows a case of prolapsus of the oviduct; in 
such cases a number of birds may become disemboweled, and rather 
heavy losses may result. Cannibalism among chicks often appears first 
in the form of toe picking, back picking, or wing picking; once estab- 
lished, it spreads rapidly through the flock. 

Although there is evidence that feather picking and cannibalism 
are the rasult, in part, of unsatisfactory diets, there are often 
other contributing causes,^ such as overcrowding and overheating— 
especially in Ûi^ case of chicks in battery brooders. The exact nature 
of the nutritional deficiency or deficiencies involved is not known, 
but it has been found that feather picking and cannibalism are less 
likely to occur if the diet contains about 20 percent of barlev or oats 
or about 30 percent of bran and middlings. 

Carver {6) has reported that feather picking and cannibalism may 
be controlled by using ruby-colored lights in place of ordinary lights in 
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battery brooders and brooder houses. Miller and Bearse (35) have 
reported that if oats are fed as the sole grain in diets for growing and 
laying pullets, cannibalism is significantly reduced. They found that 
l^he effective part of the oats was the hulls. Their findings and those 
of olher workers indicate that feather picking and cannibalism are 
likely to appear if diets of very low crude-fiber content are fed. 

Oiu^ of the most effective methods of stopping feather picking and 
cannibalism is to increase the salt content of the diet for 2 or 3 days. 
If an all-mash diet is being fed, add 2 percent of salt, but if both mash 
and grain are being fed, add 4 percent of salt to the mash. Usually 
the feather picking or canni].)alisrn stops within a few hours, but in 
some cases 2 or 3 days may be required. It should be noted that the 
salt treatment is recommended as a curative rather than a preventive 
measure; that is, it is not recommended that more than 0.5 to 0.7 
percent of added salt be included regularly in all-mash diets or that 
more than 1 to 1.2 percent be included in mashes with which grain is 
fed. 

Among poultrymen there is a fairly common belief that salt is poi- 
sonous to poultry, and for that reason they may be somewhat reluctant 
to use the salt treatment. Salt is poisonous to all animals if consumed 
in large single doses; Mitchell, Card, and Carman (-jß) have reported, 
however, that a daily intake i)f 6 to 8 grams (about 0.2 to 0.3 ounce) 
of salt mixed in the feed appears to have no harmful effect on chickens 
9 weeks or more of age. They found that the miTiimum lethal dose 
for chickens weighing 3 to 5 pounds is equivalent to about 0.4 percent 
of their live weight. Wlien the salt treatment is used, the largest 
quantity of salt likely to be consumed by an adult bird in a day is 
about 5 grams ; that likely to be consumed by a growing bird is usually 
much less. It is thus clear that there is no danger of so-called salt 
poisoning when the salt treatment is used. 

If the salt treatment is not effective after 2 or 3 days, it may be 
necessary to trim or sear back to the quick the upper mandible of the 
beaks of all the birds. Tlie trimming may be done wnth a sharp knife, 
the searing with a hot soldering ir<m. When carefully done, the o])era- 
tion is painless. Ordinarily, only about three-sixteenths of an inch 
of the tip of the beak is removed; the proper amount can be judged 
readily by the appearance of the beak substance. 

FLUORINE POISONING 

Although the tolerance of chickens for fluorine is greater than that 
of cattle and swine, the continued ingestion of diets containing ap- 
preciable quantities may depress the rate of growth and the egg pro- 
duction. Fluorine is distributed almost universally in plants and 
feedstuffs, as well as in animal tissues, but the quantity present is 
usually very small. Danger of fluorhie toxicosis, or poisoning, in 
chickens exists only when the drinking water contains about 2 parts 
per million or more of fluorine or when rock phosphate or phosphatic 
limestone is included in the diet. Apparently the only observable 
effects of fluorine toxicosis are those it has on growth and egg produc- 
tion. 
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Most of the available information about the effects of fluorine on 
chickens has been obtained from ex|)eriments conducted at the Wis- 
consin and Ohio experiment stations. 

Experiments by Halpin and l^amb {76) at the Wisconsin station 
showed that the inclusion in the diet of chicks of 1 percent of rock 
phos])hate that contained about 8.5 percent of fluorine had no harm- 
ful effect, but the inclusion of '2 percent depressed the growth to 
some extent, and the inclusion of 3 î)ercent had a more marked effect. 
Only the highest of the three levels of rock phosphate in the diet 
of pullets tended to decrease egg ])roduction. 

At the Ohio experiment station the studies of Kick, Bethke, and 
Record {:d9) showed that chicks can tolerate a larger quantity of 
fluorine in the form of calcium fluoride than in the form of sodium 
fluoride; the fluorine in rock phosphate also was more toxic than 
that in the calcium fluoride. They concluded that w^hen the diet of 
chicks contains more than 0.036 percent of fluoiine, from either sodi- 
um fluoride or rock phosphate, feed consumption and gi'owth are 
decreased in proportion to the fluorine content of the diet. How- 
ever, according to Hauck, Steenbock, Lowe, and Halpin (J7) diets 
that contain as much as 0.068 percent of fluorine in the form of 
sodimn fluoride may be fed to chicks without affecting their growth. 
In any case it is apparently not advisable to include rock y)hosphate 
or phosphatic limestone in diets for poultry. 

SELENIUM POISONING 

Practically all our knowledge of selenium toxicosis in poultry has 
resulted from studies conducted at the South Dakota Agricultural 
Experiment Station. It sliould be pointed out, how^vvej*. that South 
Dakota is not the only State in which selenium toxictosis may be 
encountered. Accoi'ding to Moxon {3S) selenium has been found in 
the soils and vegetation of at least 11 of the States in the Great Plains 
and the Rocky Mountains, and it is probably j)resent in the soils of 
other States Í3i these regions. 

Poley, Moxon, and Franke {4o) found that if laying chickens were 
fed diets that contained grain in which the selenium content was 
about 15 })arts per million, feed consumptiím decreased appreciably, 
the chickens lost weight, and after about a week none of their eggs 
would hatch. Tully and Franke {40) observed that if chicks were fed 
a diet that contained 65 percent of the toxic grain their growth was 
definitely inhibited and their feathers became ruffled. The egg pro- 
duction of the pullets raised on such diets was both delayed and 
reduced. 

In later studies Poley and Moxon (44) found that if the diet of 
laying chickens contained only 2% parts per million of selenium, 
hatchability was not appreciably affected; if the diet contained about 
5 parts per million of selenium, however, the hatchability was re- 
duced somewhat; and if it contained 10 parts per million the hatcha- 
bility soon decreased to zero. The decrease in hatchability was at- 
tributed to abnormal development of the embryos, most of which 
died before the twenty-first day of incubation.   The most prominent 
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deformity among tlie îil)norinal embryos was the lack of a full-sized 
upper beak. Other abuornialities were the absence of eyes, feet, and 
wings, wiry down, ajid edema of the head and neck. 

OTHER DISEASES OF NUTRITIONAL ORIGIN 

Several poultry-nutrition workers, while studying the effects of 
feeding simplified diets, have encountered various abnormal condi- 
tions in poultry that apparently could not have been caused by a 
deñciency of any known nutritional factor. However, the very fact 
that simplified diets were being fed suggests that the abnormal condi- 
tions were of nutritional origin. One such condition, the anemia 
described by Hogaii and Parrott (v,^'), lias been mentioned in a 
precedhig section; others are enteritis (intestinal inflammation), 
paralysis, arthritis, dermatosis, and fatty liver; undoubtedly there are 
still others. 

Certain abnormal conditions, such as enteritis, dermatosis, and fatty 
liver have been observed even when supposedly adequate diets were 
being fed. As more is learned about the nutritional requirements of 
jH)ultry and the nutritive properties of feedstuff's, it is probable that 
the causes of these abnormal conditions will be found. 

ENTEKITíS 

Enteritis, or inflammation of the intestine—chiefly the small in- 
testine—is frequently observed in chickens that are being raised with- 
out access to the soil and green growing plants. On autopsy, the 
intestine is often found to be filled with bits of shavings, straw, or 
other material that had been used as litter; sometimes large quantities 
of grit are also found. A somewhat similar but more severe condition, 
called ulcerative enteritis, causes heavy losses among quail, pheasants, 
grouse, and wild turkeys that are being raised in captivity. 

Attempts to demonstrate that such conditions are caused by a micro- 
organism or other causative agent have failed. It has been suggested 
that in game birds the immediate cause is a diet of high fiber C(mtent, 
but enteritis is frequently encountered among both chickens and quail 
fed diets of comparatively low fiber content. 

PARALYSIS 

As has been pointed out in preceding sections, a deficiency of 
vitamin E in the diet of the young growing chicken produces lesions 
in the brain, of pantothenic acid ii^ the spinal cord, of vitamin G in 
the main peripheral nerve trunks, of vitamin A in the central and 
peripheral nervous systems. Moreover, a dietary deficiency of vita- 
min B, produces a toxicosis, or poisoning, of the nervous syst(>m. 
Accordingly, a deficiency of one or more of these vitamins may pro- 
duce ])iii'alysis or a similar condition. 

Paralysis of nutritional origin has been observed, however, when 
adequate quantities of all five of the vitamins just mentioned wei'e 



1102 yearbook of Agriculture, 1942 

supplied. For example, Jukes and Babcock (27) have described a 
])aralysis that could be ])revented by suppleineiiting the diet with 
alfalfa meal or a water extract of alfalfa, and Bird and Oleson (Jf) 
liave described a condition, in which tlun-a is iniîooi'dination of tlie leg 
ïnuscles, which they attribute to a deficiency of vitamin B4. According 
to Hegsted, Oleson, Elvehjem, and Hart (If)) the latter condition is 
not prevented by alfalfa or vitamin E but is prevented by relatively 
large quaiitities of dried brain, cartilage, wheat middlings, yellow 
corn, or wheat. 

ARTHRITIS 

In 3935 Van der Hoorn, Branioii, aiul Graham (50) described a deforraity of the 
legs of chickens that resulted from feeding simplified diets that contained highJy 
purified casein. They tentatively called the (rondition arthritis. Later Branion 
and his associates (J) concluded that this condition is probably the result of a 
d(^ficien(.'y of one or more jnorganie elements. Still later other workers (íí)) 
suggested that the "paralysis" (see the preceding discussion of paralysis) that 
they had encountered in the chicken might be the same as the ''arthritis" 
rííported by Van der Hoorn, Branion, and Graham (50). 

According to the latter authors, the first symptom of this arthritis appeared 
when the chicks were about 3 weeks old. At first the chicks were m(îrely less 
active than usual, but within a few days they showed very little inclination to 
walk, and when they did walk their gait was decidedly stilted, and there Avas 
practically no flexion of the tibiotarsal (hock) joints. At this stage the capsule 
of the joint was swollen and somewhat ccmgested, and tliere was a slight, excess 
of fluid in tlie cavity. Gradually the symptoms became more pronounced uniil 
the chicks refused to walk. Often the leg bones became deformed as in piîrosis, 
but the investigators concluded that their ''arthritis" was not perosis. 

DERMATOSIS 

From time to time a dermatosis similar to that produced by a 
deficiency of pantothenic acid or to that which results from the 
feeding of egg white is observed among growing chickens that are 
receiving supposedly adequate diets. This condition often disap- 
pears if a complete change of diet is made, but it is not cured by 
adding rich sources of pantolhenic acid to the original diet. 

Hegsted and associates (IS) have reported such a condition occur- 
ring among chicks that were fed a purified diet in which there was 
an adequate supply of pantothenic acid. Tn many respects the 
symptoms were the same as those of egg-white injur}^, and complete 
cures were obtained by injecting a potent preparation of vitamin 
H (biotin). Hegsted and associates concluded that it is possible 
that all proteins have the effect of egg white to some extent but that 
the effect would be evidence only when purified diets low in the protec- 
tive factor are fed. 

FATTY LIVER 

When growing chickens are fed certain simplified diets, their 
livers often have an abnormal yellow color and show evidence of 
fatty degeneration. Lepkovsky, Taylor, Jukes, and Almquist {S£) 
have reported that a deficiency of vitamin 6 iribofiavin) causes 
fatty liver in chicks, and Engel  and Phillips  {J2)  have reported 
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tliat when vitamin B, is administered to chicks that have been on a 
diet deficient in this vitamin a similar condition develops. However, 
Hegsted, Oleson, Elvehjem, and Hart (19) have described a fatty 
degeneration of the liver that could not be attributed to either of the 
causes just mentioned. 

The available evidence indicates that fatty liver in chickens may 
be the result of a number of causee and not a single, specific nutri- 
tif)nal deficienc}'. When fatty liver is found, however, it may be 
concluded that the diet is unsatisfactory, as a result either of one 
or more deficiencies or of an imbalance of certain nutritional factors. 

EFFECT OF NUTRITIONAL DEFICIENCIES 
ON GROWTH AND REPRODUCTION 

Although an animal's capacity to grow is an inherited character, 
the growth it makes depends on its nutrition.   The deijendence of 

FIGURE 9.—Many nutritional deficiencies retard growth. Both these chickens are 
114 days old. The one at the left received an ordinary mixed diet; the one at the 
right received a diet deficient in vitamin G. (Courtesy of Thomas H. Jukes, Division 
of  Poultry  Husbandry, California  Agricultural  Experiment Station, Davis, Calif.) 

growth on nutrition is so great that when an adequate diet is fed 
the relationship between live weight and feed consumption may 
be expressed with a high degree of accuracy by a mathematical 
equation.    When an inadequate diet is fed, the animal's growth is 
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usually retarded and irregular. Often a retardation of growth is 
the first indication that the diet is deficient. 

A fairly large number of nutritive factors are required for nor- 
mal growth. Among those that play especially prominent roles in 
maintaining growth in poultry are vitamins A, Bi, Be, D, and G 
(fig. 9), pantothenic acid, glucuronic acid, choline, several of the 
amino acids, and many of the inorganic elements. Apparently, there 
are other vitamins or vitaminlike factors that affect growth, but 
very little is yet inown about them. 

Obviously, a retardation of growth merely indicates that the diet 
is inadequate. Only when other symptoms appear, or wlien infor- 
mation about the diet that is being fed is fairly complete, is it 
possible to identify the deficiency- The symptoms of a number of 
nutritional deficiencies have already been described. 

Egg production sometimes continues even though a deficient diet 
is fed. Likewise the fertility of the eggs appears not to be greatly 
affected by dietary deficiencies unless they are acute and prolonged 
enough to affect the health of the birds, especially that of the males. 
The hatchability of the eggs is readily decreased by a number of 
dietary deficiencies. However, as a matter of fact, the first and fre- 
quently the only indication that the diet of adult birds is deficient 
in one or more nutritive factors is a low hatchability of the eggs. 

Among the nutritional factors known to be required for 'the pro- 
duction of hatchable eggs are vitamins A, D, E, and G, pantothenic 
acid, protein of good quality, calcium, and manganese. To this list 
may oe added the "alcohol-precipitate factor" of Schumacher and 
Heuser (^7). Undoubtedly, other factors are required, and as more 
work is done they will be discovered and described. 

Nutritional deficiencies are not the only causes of poor hatchabil- 
ity. As was mentioned in the discussion of selenium poisoning, if 
the diet of the dams contains as mucli as 10 parts per million of 
selenium none of their eggs will hatch. Moreover, the inclusion of 
excessively large quantities of calcium ^or phosphorus in the diet 
also decreases hatchability. 

Just how a deficiency of vitamin A in the diet of the dams affects 
the development of the embryos in their eggs is not known, but the 
ultimate effect—a decreased hatchability—may be easily demon- 
strated. 

When the diet of the dams is deficient in vitamin D, the embryos 
in their eggs are unable to obtain enough calcium and phosphorus, 
and the embryonic mortality reaches a peak on the eighteenth or 
nineteenth day of incubation. An excessive intake of vitamin D 
(5 or 6 times the normal requirement) also decreases the hatchability 
of the eggs. 

A vitamin E deficiency in the diet of the dams is manifested by a 
marked increase in the embryonic death rate between the third 
and fifth days of incubation. 

When there is a deficiency of vitamin G or of protein of good 
quality, a marked increase in the so-called second-week embryonic 
mortality occurs. 

A deficiency of pantothenic acid in the diet reduces the  hatcha- 
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bility of the eggs, but no characteristic peak of embryonic mortality 
has been reported. 

A deficiency of calcium in the diet seems to have an effect similar 
to that of a deficiency of vitamin D. An excess of either calcium 
or phosphorus causes an increase in embryonic mortality during the 
last 3 days of the incubation period. 

The effect on the embryos of feeding diets deficient in manganese 
to chickens has been previously discussed. 
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At the time this book went to press, the drugs 

and other materials mentioned in various ar- 

ticles—chiefly as disinfectants, insecticides, and 

anthelmintics—were still available for veter- 

inary and medical use. Under war conditions, 

however, it is possible that some of these ma- 
terials may become scarce or unavailable. In 
that case, the reader should obtain professional 

advice from the Department of Agriculture, the 

State experiment station, a local veterinarian, 

or the county agent as to available substitutes. 


